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1.0 INTRODUCTION 
Waste recycling is not a new technology per se, but it is catching on fast in several parts of the world. In 
spite of its huge advantages a developing country like Nigeria has not given much thought to it, despite 
the fact that recycled waste could produce some megawatts of electricity that could tackle some of its 
power problems. 
Taking care of waste generated by households or a community or even a city has always been a 
headache for town planners, especially governments. Mostly, garbage is disposed of in Nigeria by 
dumping at every available space on the street or road side or even in a canal not minding the negative 
effect of such on the environment. 

Even when the refuse is burnt, it leads to environmental pollution. Efforts at making people to pay to have 
their wastes evacuated by government approved agents had literally failed. To have waste bins in front of 
every house as is done in organized societies had also failed due primarily to poverty as many people 
could not even afford the waste bin not to talk of paying for regular evacuation of the waste generated by 
them. 

In most cities in Nigeria, the volume of waste is so much that taking care of it is basically by burning at 
landfills or garbage dumps. This gives rise to atmospheric pollution with the attendant health hazards 
which result approximately 20,000 deaths across the nation yearly.   

Attempts by governments at waste to wealth or recycling projects had always been half-hearted 
and despite the promises that recycling wastes to wealth or waste to energy holds, most governments 
across the nation, are yet to venture into it. 

Some of those who had made attempts at effective waste management include Oyo State with its Ibadan 
Waste Management Board, established in 1996 with a view to working round the whole of Ibadan areas 
where there is a high turnover of waste. There is also the Lagos State Waste Management Board by the 
Lagos State government dealing with perhaps the largest volume of waste by any state in the country as 
well as Ondo State government’s Integrated Waste Recycling and Treatment Project. There is also 
currently, a feasibility study for a model waste management plant by the Shell Petroleum Development 
Company of Nigeria Limited. Only a few of these have a modicum of success story to tell. 

There has been an emergence of the use of biodegradable solid waste in trhe production of organic 
fertilizer and biogas. Some researchers have studied the great potentials in Nigeria’s municipal solid 
waste for producing enormous amount of methane gas (Yusuf and Oyewumi, 2008). Mixtures of manure 
and ashes from burning of urban solid waste have been used for soil amelioration to boost agricultural 
production in Jos (Pasquini and Alexander, 2003). Abeokuta alone generates 2,288m

3
 of wood waste per 

day from saw mills activities (Aina, 2006). If each capital state in Nigeria generates this amount of wood 
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waste, then about 82,368m
3
 of wood waste will be generated in the capital states of the country per day, 

and 30,064,320m
3
 annually. Resource from wood waste alone could meet more than Nigeria’s needs in 

the wood-based materials for such industries as chemical industries, since African wood species have 
been studied to have potential for generating good amount of potash (Adewumi et al., 2005). 

 

1.1 Lagos example 

The agency of government through which the project came into being is the Lagos State Waste 
Management Authority (LAWMA) whose recycling department is churning out recycled products from 
different locations in the state. 

The raw  materials are never in short supply as Lagos is known for its huge generation of waste. From 
figures available from LAWMA, 9,000 metric tonnes of waste is generated daily with about 1,200 metric 
tonnes being converted into other uses. This is a blessing in different ways, especially in the area of 
reduction of cost of managing landfill sites as well as generation of employment for wealth creation, 
without causing more harm to the environment 

In Lagos, LAWMA has set up three locations for recycling, which include Odogunyan in Ikorodu where the 
plant for waste to Composite which accounts for eight per cent of its recycled products, is sited. The 
Compost Plus is the fertiliser product from the recycling effort there. 

Other recycling points include Waste paper recycling at its Ojota plant. This accounts for one per cent of 
recycled products and provides N3 million worth of waste papers sorted from the landfill sites in the state 
for conversion.  

The products churned out from the waste paper plants include egg crates, paper towels, tissue papers, 
toilet papers, newspapers, phone books, paper bags, note books, stamps, business cards, calendars, 
among others. 

The third one is the Plastic/Nylon recycling plant at Ojo and Ojota. These two plants account for two per 
cent of recycled products. The recycled wastes materials include the high density polyethylene (HDPE) 
and the Low Density Polythylene (LDPE) from where trash bags or nylon bags are made. Other informal 
activities in the recycling process are responsible for five per cent. 

1.2 Solid waste generation in Nigeria 

The quantity and rate of solid waste generation in the various states of’ Nigeria depends on the 
population, level of industrialization, socio-economic status of the citizens and the kinds of commercial 
activities that are predominant. Nigeria, having a population of 120 millions (Sridhar and Adeoye, 2003), 
generated 0.58Kg solid waste per person per day, and in some Nigerian cities as follows: Abeokuta in 
Ogun state (0.60Kg/person/day), Ado-Ekiti in Ekiti state (0.71 Kg/person/day), Akure in Ondo state 
(0.46Kg/person /day), ile-ife in Osun state (0.46Kg/person/day) and Ibadan in Oyo state 
(0.71Kg/person/day) (Adewumi etal., 2005). About 55200Kg per day of solid wastes was estimated to be 
generated in the traditional city of Oyo in Oyo state (Abel and Afolabi, 2007). Another source (GEO-
2000), considering the population of Lagos to be 10.3 millions, reports the solid waste generation of 3.7 
million tones per year for Lagos in 1990, and 401 Kg/capital/year for Ibadan in 1997. Considering the 
population of Kano to be 1.4 million, Lewcock(l994) gave an estimate of total solid waste generated in the 
city as 450t per day. The per capita solid waste generation in Ilorin, the capital city of Kwara state, was 
projected to be 0.43Kg/person/day by the year 2020 (Yusuf and Oyewurni, 2008). As reported by 
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Oluwemimo (2007), tones per year of solid waste generation in Kaduna, Onitsha, Aba, New Bussa and 
Uyo were estimated to be 4313124, 386593, 236703, 9518 and 20923 respectively.  

Report on solid waste generation in Maiduguri in Borno state, showed an estimate of 8.5 million tones for 
the year 2002 (Dauda and Osita, 2003). A study conducted on solid waste generation in Port Harcourt in 
River state, and Warri in Delta state, showed an estimate of 164029t/ycar and 6672lt/year, respectively 
(Ajao and Anurigwo, 2002). Makurdi, an urban city in Benue state, generated a household solid waste of 
0.54Kg/capita/day (Sha’Ato et al., 2006). Aziegbe (2007) recorded high generation of all sorts of 
polyethylene packaging materials in Benin. Between 0.55Kg and 0.58Kg of solid waste per person per 
day was generated in Abuja (Imam el al., 2007). 

 

1.3 Sorting of Wastes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sources of solid waste generation in Nigeria among others are commercial, industrial, household, 
agricultural and educational establishments. The solid waste types include paper, nylon, wood, dust, 
cloth, metal scraps, electronic gadgets, bottles, food remnants and vegetables; saw dust, ashes, rubber, 
bones and plastics. Of total solid waste generated in Ibadan, 66.1% are domestic, 20.3% commercial and 
11.4% industrial (Adewumi et al, 2005). Average medical solid waste generation in Lagos lies 
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between 0.562Kg/bed/day and 0.670Kg/bed/day (Longe and Williams, 2006). In Abuja, the Federal 
Capital Territory, medical solid waste of 2.78Kg/bed/day was generated (Bassey et al., 2006), and in 
Ibadan, 150g/head/day (Coker et al, 1999). Several thousands used computers arc imported to Nigeria 
through Lagos seaport monthly and many of them lose the desired value within a short time, ending up to 
build the c-waste pile in Nigeria (Ukem, 2008). 

LASWMA has concluded plans to introduce LASWMA Recycling I3ank as an option to landfills where it 
obtains its materials. What this implies is that a recycling bank shall now serve as storehouse for papers, 
cans, glass and plastic waste and will be situated in every estate within the Lagos metropolis. When 
introduced, residents would now be required to sort their wastes in the categories they fall in before 
dumping, By this, the recyclable wastes will be separated from the non-recyclables and delivered to the 
recycling bank. 

The three areas of sorting would be plastic bottles and other nylon materials, glass, cans and tins. The 
next sorting includes garden waste and compost materials, E-waste. The third sorting line is made up of 
paper, cardboards and mixed papers. 

Efforts of the government to interpret and demonstrate the real practice of recycling, is necessary which 
will make private sector to invest into it. The government has to be able to come in to let the investors see 
the cost benefit analysis and see how it can be practiced. Once the government can do that, then it 
becomes very practical. 

2.0 SELECTED TECHNOLOGIES FOR PVC AND PLASTIC WASTE MANAGEMENT (WASTE   
TO   ENERGY) 

In other parts of the world, there had been tremendous improvement in attempts to turn waste into wealth 
or to use it for energy. In Japan, the first attempt to turn waste into energy started almost 10 years ago 
and it has been improving since then. The idea has caught the attention of others across the atlantic, 
such as Geoplasma, a Georgia, Atlanta, United States company that transforms waste into re-usable 
products is planning to construct a $120 million waste to energy plant. The raw material is simply waste 
from local households that would create enough synthesis gas (better known as syngas) to make 
electricity available to more than 20,000 homes. The financial projection is that Geoplasma would make 
enough money from the project to service the loan incurred and still make profit right from the start of 
operation. 

To underscore the huge financial gains available in such a project that depends on cheap and available 
raw materials, Westing House Plasma Corporation, an American manufacturer of plasma torches, a 
device that can heat matter to a temperature higher than that of the sun's surface, is able to hire out its 
test facility for $150,000 per day. 

The plasma torch could heat up almost every matter producing in the process a mixture of carbon 
monoxide and hydrogen. This is what is referred to as synthesis gas. This material could be used to 
produce electricity. 

Metals and other inorganic materials that do not turn into gas in the conversion chamber fall to the bottom 
as molten slag. After cooling, the slag could be used to make bricks or to pave roads. 

As if that was not enough, synthesis gas, according to a novel idea by a US based company, Coskata, 
could be fermented into ethanol which in turn could be used to fuel cars. The end product of waste that is 
useful to mankind is endless, only if the opportunities could be explored. The beauty of it all is that return 
on investment is guaranteed. 
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2.1 Texaco gasification process  
(a) Background and current status 
Texaco has had commercial experience with its gasification process for over 40 years. During this period, 
it has proven its high reliability and feedstock flexibility in 100 installations worldwide. 
Until recently, Texaco’s gasification process was not used specifically for plastics waste. Texaco sees the 
adaptation of the technology to the gasification of plastic wastes as a relatively straightforward step and 
an attractive commercial opportunity. Experiments with mixed plastic wastes were carried out at the pilot 
plant site (10 t/day) in Montebello, California, USA (Weissman, 1997). 
 
(b) Description of the process 
Figure 1, reviews the process. The Texaco process consists of two parts, a liquefaction step and an 
entrained bed gasifier. In the liquefaction step the plastic waste is mildly thermally cracked 
(depolymerisation) into synthetic heavy oil and some condensable and non-condensable gas fractions. 
The non-condensable gases are reused in the liquefaction as fuel (together with natural gas). This 
liquefaction process is comparable to breaking of vacuum residue from oil refining. 
 
The heavy oil is filtered to remove large inorganic particles. The oil and condensed gas are then injected 
to the entrained gasifier. Also, chlorine-containing gases from the plastic waste are fed to the gasifier. The 
gasification is carried out with oxygen and steam at a temperature of 1200 – 1500 ºC. The gasification 
pressure is normally adjusted to the pressure of the process which will consume the resulting synthesis 
gas. After a number of cleaning processes (amongst others, hydrochloric acid (HCl) and hydrogen 
fluoride (HF) removal), a clean and dry synthesis gas is produced, consisting predominantly of Carbon 
monoxide (CO) and hydrogen gas ( H2 ), with smaller amounts of methane (CH4), carbon dioxide (CO2), 
water (H2O) and some inert gases. 
Virtually all chlorine present in Multipurpose Washer (MPW) is captured by washing the raw synthesized 
gas under addition of Ammonia gas (NH3) and converted into saleable Ammonium Chloride (NH4Cl) 
(Croezen and Sas, 1997). Sulphur from Multipurpose Washer (MPW) is won back in a pure, saleable 
form. Ash from the process is converted into slag and fines. One may assume that any metals present in 
a PVC-formulation end up mainly in these solid residues. The slag meets the quality standards of the 
Dutch Building decree, and the fines have  comparable quality to Municipal Solid Waste Incinerator 
(MSWI) fly-ash (Croezen and Sas, 1997). Filtrated waste water from the scrubber is quenched and 
distilled, yielding reusable water, crystallized Ammonium Chloride (NH4Cl) and a brine purge, that is 
recirculated to the gasifier. 
In summary, the products of the process are: 
Synthesis gas. 150 tonnes of mixed plastics per day produces roughly 350,000 Nm3 per day of clean 
synthesis gas. This gas (predominantly H2/CO) can be used as feedstock in petrochemical processes. 
· Pure sulphur.  
· Saleable NH4Cl. 
· Vitrified slag. This has a quality that meets the requirements of Dutch legislation for secondary building 
materials. 
· Fines. They have a quality that would match the quality of fly ash from 
Dutch municipal solid waste incineration plants. 
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Figure 1: A schematic representation of the Texaco process 
(c) Acceptance of criteria for the input materials 
The plant in Pernis will be designed to tolerate up to 10% PVC in the MPW stream. There are plans to 
also treat larger PVC quantities and to recover the HCl. The tolerance of the gasification towards 
inorganics and paper are said to be up to 10% each. The following input specifications 
have been communicated to Nederlands Instituut Voor Toegepaste Geowestenschappen (TNO): 
· Material texture   Dry to the touch, not sticky, free flowing 
· Physical description   Shredded or chipped 
· Size     Less than 10 cm 
· Physical fines content Less than 1% under 250 mm 
· Bulk density    > 100 g/liter 
· Form at delivery   baled or agglomerated 
· Plastics content   > 90 wt% 
· Free metals    < 1 wt% 
· PVC content   < 10 wt% 
· Ash content   < 6 wt% 
· Residual moisture   < 5 wt% 
· Paper content   < 10 wt% 
(d) Resources needs and emissions 
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An LCA (Life Cycle Analysis) was performed by capillary Electrophoresis ( CE) (Croezen and Sas, 1997) 
using a model waste stream mainly consisting of polyethylene/Polypropylene/Polystyrene 
(PE/PP/PS)/others and 6-10% PVC. For environmental data we refer to that report. 
(e) Processing costs 
The expected gate fee for the Texaco plant is 90 to 135 Euro (200 to 300 NLG (Nederlands Gulden-old 
currency code; replaced by Euro)) per tonne (50 ktonnes/yr capacity), which may decrease for a 200 
ktonnes installation to 50 Euro (100 NLG) per tonne. Texaco considers a detailed breakdown of the 
operational costs and benefits of its process as confidential information. 

3.0 CONCLUSION 

The newly developed technologies by developed countries to recycle wastes and their impact on 
economy and health of citizens showed that much wealth can be realized from our dumped waste. 

Lagos State government, through LAWMA has been able to show that it is truly possible and has been 
able to demonstrate to the business community or to the average investor that waste from PVCs can 
actually be turned into wealth, especially as this is one of the major problems in Lagos. 

Studies had been done to discover the per capita contribution in terms of waste from PVC related 
materials, especially from nylon, papers, and cellophane, among others.     

The per capita of the individual in Lagos generated has been reported. This momentum can be sustained, 
and human endeavour, will continue to increase. It is also modeled that at least the volume will continue 
to increase at the same time. So, the problem of raw material sustainability should not be an issue. 
Humans will continue to generate that quantum of waste which will sustain the private sector. There is the 
need by the federal and state government to enlighten the populace on the wealth inherent in their 
organic plastic and paper wastes 
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